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Abstract 
The twenty-first century has been a scenario for explosive investment in renewables. This paper examines such 
investment as well as the policies that support it. China represents a unique case in this regard due to its fast 
development. Whereas the issue of securing energy supply is becoming increasingly important over time, the energy 
return ratios, such as EROI, are important to evaluate the efficiency of energy production. A novel methodology is 
presented to identify the most convenient location to increase efficiency and energy return for renewables. The 
methodology also assesses the effects of renewables policies at different scales. 
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1. Introduction 
The first decade of the twenty-first century is characterized by two relevant factors regarding 
renewables production. First, major economies have passed laws to support the production of renewables; 
e.g. European Commission Directives: 2001/77/EC, 2009/28/EC and 2012/27/EU; Renewable Portfolio 
Standards Policies in US (1983-2009) and China’s Law of Renewable Energy (2005). Second, 
technologies of renewables, and thus the efficiency of energy production, have been enhanced gradually. 
Renewables laws normally have as a common feature the establishment of targets to increase the share 
of renewables for a certain region and period of time. In many cases, these laws are also accompanied by 
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subsidies and financial aids (feed-in-tariffs) [1, 2]. Last decade represents the commitment of the 
governments to promote energy diversification and independence. Consequently, those years are mostly 
driven by an intensive production of renewables to fulfil the government targets. Currently, four countries 
have surpassed the 10 million tonnes oil equivalent (Mtoe) of renewables consumption: US, Germany, 
Spain and China. These countries are characterized by a regular and constant growth of their capacity of 
renewables. However, China should be analyzed separately due to its exceptional evolution within a short 
period of time. China’s renewables consumption jumped from 1.4 Mtoe in 2006 to 17.7 Mtoe in 2011. 
Since the passage of the Law of Renewable Energy in 2005, China has multiplied by twelve its 
renewables consumption. In order to understand such an outstanding increase of renewables capacity, it is 
necessary to examine closely its policies. 
With energy market evolving to a second period of renewables production, observers emphasize the 
need to focus on the efficiency in the production of renewables [3, 4]. This change from a quantitative to a 
qualitative stage is a rational evolution of the production chain in mature markets, and it is happening now 
in the renewables field. Energy efficiency can be fulfilled at both the demand and the supply chain. This 
paper focuses on the efficiency in renewables in the supply chain, and concretely in territorial planning. 
Location plays an important role in the efficiency of renewables mainly because of two aspects. First, 
appropriate zones to locate the farms are decreasing over time because they are gradually occupied by 
other uses (infrastructures, buildings, natural parks, etc.). Second, the presence of primary energy sources 
is constrained by location. Consequently, planning the appropriate location is a key factor to reduce the 
initial costs of construction of renewable farms; to reduce the energy loss in transmission; and to enhance 
efficiency by increasing the energy return on investment (EROI). Therefore, a multicriteria analysis 
considering the previous geospatial aspects is a valuable tool to support decision making in territorial 
planning.  
This paper performs a detailed analysis of the evolution of the renewables capacity in the past decade. 
The development of renewable in China is examined in detail since it presents a fine opportunity of 
observing the astonishing boom in renewables production, which was mainly triggered by renewables 
policies. Finally, the authors offer a methodology that combines geospatial variables with energy return on 
investment to determine the most efficient location of renewables.  
2.  Renewable energy portfolio 
2.1. Global evolution of renewables 
New renewables was coined as a term to differentiate new technology from traditional renewables: 
hydropower and biofuels. New renewables include wind, solar, biomass, ocean energy and geothermal 
power. This article refers to new renewables, which represent low percentage in the total share, but their 
power generation grew singularly rapidly in recent years. Although oil was the main consumed source of 
energy in 2011, being 33.1% of the total, its consumption decreased in US and EU. Gas consumption 
decreased in EU in 2011 as well; while all renewables production increased [5]. The share of all 
renewables in global primary energy could increase from the current 17% to around 30% to 75%, and 
even exceed 90% in some regions by 2050 [4]. In 2011, all renewables accounted for about 25% of the 
global energy production; hydropower contributed 16% of that amount [6]. Depending on the source, 
there are disparities in the percentage that new renewables account for the global energy production. 
According to BP statistical review [5], new renewables are 2.1%; and according to Renewables 2012 
global status report [6], the percentage is 4.9%. Nevertheless, there is a general consensus on the rapid 
growth they are experiencing worldwide. The total new renewables capacity installed grew 131.6% from 
2005 to 2011; and 17.7% only from 2010 to 2011, which represents record rates especially due to the high 
 Paula Díaz and Joan Masó /  Energy Procedia  40 ( 2013 )  15 – 24 17
increase in wind (25.8%) and solar power energy (86.3%) [5, 6]. In 2011, renewables total share was 
43.3% in Europe and Eurasia; 23.2% in US [5]; 26% in the BRICS nations (Brazil, Russia, India and 
China) [6], from which China represented 9.1% [5].  
 
Fig. 1. Top ten countries in consumption on new renewables. Based on gross generation from renewable sources including wind, 
geothermal, solar, biomass and waste, and not including cross border electricity supply. Graph done by the authors using data from 
BP Statistical Review of World Energy, June, 2012. 
The graph above illustrates the ten countries with major renewables consumption from 2006 to 2011 
(Fig 1). The US occupies the higher percentage with a trajectory characterized by a constant and high 
growth. In 2011 its consumption of renewables was 45.3 Mtoe. The second producer is Germany, 
maintaining a significant distance of 20 Mtoe from the US. Spain used to occupy the third place, but it 
was outstripped by China in 2011. As shown in the graph, China has carried out a steep evolution in few 
years, especially remarkably since 2007. Other countries in the top ten renewables consumption, but with 
lower levels of production and a more gradual evolution are India, Italy, Brazil, Japan, UK and Canada. 
2.2 Renewables policy emphasizes more efficiency 
Efforts to foster the production of renewables have led to the rapid growth in the renewables industry. 
The graph and numbers reviewed in the previous section confirm a rapid increase of renewables 
production and point to even larger future trends. The fast growth during last decade has been possible 
due to the support policies on renewables production. Example of that are the 30 Portfolio Standards 
Policies in US and the various European Parliament Directives, mostly enacted in the 2000s. In 2001, the 
Directive 2001/77/EC to regulate the electricity production from renewables demanded 12% on electricity 
consumption from renewable sources in the EU-15 by 2010 [7]. Afterwards, the Directive 2009/28/EC [8] 
on the promotion of the use of energy from renewable sources repealed the previous Directives on the 
topic: 2001/77/EC and 2003/30/EC. For the first time, the 2009 Directive sets out binding targets for all 
Member States to achieve 20% renewables consumption by 2020. On June 2010, each Member State 
elaborated its National Renewable Energy Action Plan to reach the target. 
The first objective of these policies was to diversify energy sources by increasing renewables 
production. However, the most recent policies indicate a strong priority on energy efficiency [9]: the later 
Energy Efficiency Directive (2012/27/EU) [10]; the European Commission Energy Efficiency Plan 2011 
[11]; and the Energy Roadmap 2050 published on December 2011 [12]. At the global level, the current 
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UN Secretary-General’s initiative on Sustainable Energy for All highlights the need of coordination 
among energy access, efficiency and renewables development.  
The active research and investment supported by energy policies aim to guarantee energy supply and 
decrease the instability on renewables. This is directly connected to the trust on green energies, the 
confidence on investing in them, the perfection of the production in scale economies and the decrease of 
the prices [4]. Without policies to push the investment on renewables, the steep increase of renewables 
power generation would not have been possible. This fact is highly evident in China, a country mostly 
dependent on fossil fuels, where policies have strongly fostered renewables production. However, China’s 
government has centrally controlled energy’s policies and leaves little room for participation from local 
governments or NGO [13, 14]. The next section analyzes the development of China’s renewables 
production and policies that have driven the development. 
3. China: an astonishing case  
3.1. Evolution of China’s renewables 
The evolution of China’s renewables consumption has an exponential trend line, as shown in the graph 
(Fig. 2). In the past ten years, the generation of renewables has increased from less than 1 Mtoe to 17.7 
Mtoe. The year of the promulgation of China’s Law of Renewable Energy, 2005, is particularly 
important. Since then to 2011, China has multiplied by 12 times the consumption of new renewables. 
Currently, renewables account for 2.5% of the country’s overall energy supply; and 9.1% of the global 
consumption of new renewables. China also experienced great increases in renewables consumption in 
2011, 48.4% more than that in 2010 [5]. This magnificent increase drove China to lead the production of 
four renewable sources: biomass, solar thermal systems, wind and geothermal. This situation is 
remarkable given that China, since the beginning of climate change negotiations, has argued against 
mandatory climate obligations due to its condition of developing country.  
 
Fig. 2. Evolution of China in renewables consumption from 2000 to 2011. Graph done by the authors using data from BP 
Statistical Review of World Energy, June, 2012. 
 
In order to understand the development of China’s renewables industry, a detailed review of the 
renewables policies is needed. The next section will focus on the renewables policies at national level 
since the central government still dominates China’s energy policy. 
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3.2. Evolution of China’s renewable polices 
Historically, China lacked a strong and centralized agent for decision in energy. Energy sector in 
China was known to be highly moved forward by competitive enterprises. However, energy policy was 
the result of each industry energy plan [14, 15]. Given that China does not have Ministry of Energy since 
1993; the National Development and Reform Commission (NDRC) Energy Bureau fixed tariffs and 
approved projects. Later, in 2008, the National Energy Administration (NEA) was created as a body to 
implement the central government’s energy policies. Moreover, in 2010 China’s government created the 
National Energy Commission to strengthen the energy policy among various government agencies. China 
has produced 28 environmental laws since it published the Law of Environmental Protection in 1979 [16 
p. 100, 3]. The 1990s witnessed a blooming development for China’s energy policies. In 1995 the 
Department of Energy of the US and the State Development Planning Commission of China’s 
government signed an agreement to cooperate in energy efficiency and renewables technology. Three 
important laws were passed in the 1990s, the Electricity Law of China (1995), the Energy Conservation 
Law (1997), and the Air Pollution Prevention and Control Law (2000). In 2000, the US and China signed 
the Umbrella Agreement to assist China in developing national renewables policies and in renewables 
planning. Thereafter, China’s government has published more administrative regulations about 
renewablesb. However, the most important policy on renewables was issued in 2005: Law of Renewable 
Energy. In 2009, a total of five sets of supporting laws were also enactedc. According to the laws, 
renewables should account for up to 10% of the total energy supply by 2010 and 16% by 2020 [17, 18]. 
Apart from specific laws, China’s government issues the Five-Year Plans, which elaborate how to 
achieve the targets during the period. Each Five-Year Plan contains either a section or chapter devoted to 
energy policy. These provisions are used by the government to support renewables production. The First 
Five-Year Plan for National Economic and Social Development was launched in 1953. The latest is the 
Twelfth Five-Year Plan approved in 2011. According to Yuan & Zuo [18], the energy part is getting more 
specific and important over the time. The Sixth Five-Year Plan (1985) was the first plan to specify a 
reduction of the energy consumption. This represented a shift from encouraging energy production to 
improving energy efficiency. From then onward, all the plans aimed energy consumption reduction and 
contain direct targets to specific kinds of new renewables. The Tenth Five-Year Plan for New and 
Renewable Energy Commercialization Development (2001) was the first policy dedicated to new and 
renewable energy. The Eleventh Five-Year Development Plan for New Energy and Renewable Energy 
(2008) established the most ambitious target for energy consumption reduction: 20% of energy per unit of 
GDP; while the Twelfth Five-Year Plan aims to reduce only 16% of energy per unit of GDP, due to the 
difficulties on accomplishing the former objectives. The Twelfth Five-Year Plan sets more ambitious 
targets on energy efficiency and energy intensity reduction. For instance, the share of renewables on the 
total primary energy consumption was set at 11.4%. Target to be fulfilled increasing the installed capacity 
of renewables by 30%. Unfortunately, the overall positive environmental impact of the plans may be less 
clear than it appears, as the renewable mix includes hydropower and nuclear plants [19].  
People may argue that the publication of policies do not necessary lead to the accomplishment of the 
targets, as usually happens, for example, in environmental issues in China [3, 16, 19]. Nevertheless, the 
 
b
 Administration on Joint Networks Wind Power Generation, Further Support on the Development of Renewable Energy, 
Contents of State Encouraged Industries, Products and Techniques, 1996-2010 New Energy and Renewable Energy Development 
Principles, 2000-2015 New Energy and Renewable Energy Development Principles, Comprehensive Working Programs on Energy 
Saving and Emission Reduction. 
c
 Guidance and Content for the Development of Renewable Energy Industry, Temporary Method for Managing the Special 
Capital of Renewable Energy Development, Temporary Management for the Price and Cost Sharing in Renewable Energy Power 
Generation, Administrative Regulations on Renewable Energy Power Generation, Mid-Term and Long-Term Development 
Programming for Renewable Energy. 
20   Paula Díaz and Joan Masó /  Energy Procedia  40 ( 2013 )  15 – 24 
targets established for renewables are likely to be accomplished; and improvements are notorious 
especially on years just after policies publications. These might suggest that many efforts have been put in 
place for the accomplishment of the policies. However, legislation always leaves room for improvement; 
and China, although having led great investment, has a short trajectory on renewables. Next section 
reviews the weaknesses of China’s policies implementation; subsequently, a new methodology to 
improve renewables efficiency by location is presented. 
3.3. China’s challenges in energy governance and recommendations 
While reviewing China’s regulation on renewables, some weaknesses have been observed. In the 
1990s, the main drawbacks for renewable development in China were pricing and finance; government 
policy and funding; capacity of the electricity grid; and mapping of the energy sources and their potential 
[20]. Currently, one of the most important challenges in China’s energy governance is still the lack of 
coordination and consistence among actors involved in energy affairs [19]. In China’s government 
structure there is fragmentation in both horizontal and vertical levels. Every level of China’s 
administration has competing and overlapping bureaucracies. There are officials at the prefecture, district, 
country, and township levels. Therefore, national policies and central government can often exert weak 
authority to the localities [16, 19]. According to Peidong et al. [17], many agencies have sectors interested 
in renewable management, for instance: the State Commission of Economy and Trade; the Department of 
Agriculture; and the Department of Water Conservation. One example of the unequal development in 
horizontal level in China’s territory is the location of future wind developments. The government plans a 
construction of new wind farms in northern regions even though the grid appears to be saturated. The 
Wind Energy Development Roadmap 2050 [21], states that existing wind farms are concentrated in the 
north, currently producing 73.2% of wind energy, but with an average curtailment between 38-57.2%, due 
to the region’s lack of proper infrastructure and grid connections. These problems do not seem to be 
solved easily in the near future. 
Another constraint in renewable is the inadequate support and incentives from the government, which 
are not adapted to local industry needs. Although China has ranked top ten in terms of investment on 
renewables; very small proportion was applied to research and development. Renewables took up to 
0.045% of the GDP, while the investment on EU Member States accounted for 2% [17]. This situation 
hinders the potential development of the power sector. In turn, research and development of renewables is 
included in many diverse projects not always related to renewables affairs, namely, the Bright Project, the 
Fair Wind Project, the Dual Pluses Project and the Rural Household Marsh Gas State Debt Project [19]. 
Finally, even though China has established targets for reducing energy intensity, its overall energy 
consumption is expected to rise. In absolute terms, the energy intensity measures the country’s energy 
efficiency per unit of GDP and China’s GDP is expected to continue to rise in the coming years. 
Having reviewed the main drawbacks on energy governance that affect China’s development of 
renewables; some recommendations are provided. China should strengthen the coordination of energy 
policy by allocating economic and human resources to make more effective the communication and 
actions among administrative levels. Energy projects should be adapted to local and regional 
particularities. China should implement management process based on short and long term actions, on a 
timeline beyond the period of the Five-Year Plans. China should also apply a unified methodology to 
assure more efficient location of renewables development on the territory. The investment on renewables 
should be reinforced by increasing the percentage of the GDP allocated to renewables research and 
development. Finally, China should mandate the efficiency as one of the national energy priorities in 
order to tackle most of the challenges mentioned.  
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As discussed earlier, China’s government has dedicated its Five-Year Plans since 2001 to foster the 
use of new renewables. Currently, the EU, the most renewables producer in the world, is creating policies 
to enforce efficiency in renewables. Efficiency is important in renewables due to the many restrictions for 
their development [20 p. 10]. In that sense, China’s future energy supply and the reduction of dependence 
will require a combination of solutions, among which the increase on the renewables production and 
energy efficiency should matter. 
4. Multicriteria analysis to locate renewables more efficiently 
Studies have illustrated the importance of energy efficiency in both supply and demand sides [6, 22, 
23]. Despite China’s rapid evolution to increase renewables production and reduce energy dependence, 
the Asian Development Bank still predicts that “Asian Century scenario would mean a tremendous 
increase in energy imports based on current plans to enhance indigenous supplies” [23 p. 78]. Therefore, a 
better territorial planning is necessary to pursue energy security. The solution requires, among others, to 
improve the supply side by increasing the efficiency of renewables. 
The energy return ratios are commonly used to calculate the efficiency of the traditional energy 
sources. The energy return on investment (EROI) compares the energy returned for a certain source and 
the energy used to get it (explore, extract, transform, produce, harvest, grow, process, etc.). These ratios 
have demonstrated a general decrease of efficiency in obtaining fossil fuels and gas [24-27]. Fairley [25] 
reported a recent study covering the EROI calculations for various photovoltaic module types. In that 
study Joshua Pearce noted that energy policies could improve real returns from solar energy by offering 
incentives for the use of the highest-EROI systems. On the contrary, Murphy & Hall [24 p. 103] did not 
consider it sufficient for policy decisions; but they recognised EROI suitability “when EROI analyses 
show stark differences among competing energy sources”. The EROI is relevant to study efficiency in 
renewables because of three aspects. First, the power generated by certain primary energy sources, such 
as solar and wind, still has limitations [24]. Second, in many cases the energy invested to obtain energy 
from renewables may be reduced. Third, it is difficult to find optimal locations for renewable farms; e.g. 
due to a growing shortage of suitable land.  
When analysing the distribution of renewables on the territory, three types of constraints have been 
identified. First, natural constraints, which include the characteristics of the topography, i.e. lands with 
slopes above 20% are excluded [28]; extreme weather conditions, such as storms or typhoons; and the 
total power and time availability of the primary energy sources. The second constraint is related to 
infrastructure. The lack of roads for initial installation; the costs of initial installation and energy 
interconnection; and the presence of buildings may hamper the search for optimal location. Finally, 
constraints related to socioeconomic factors, such as possible conflicts with other activities; the 
ownership of land (private or public); and policies may change the prices of the initial investment. 
Moreover, the optimal distribution of renewables should consider various kinds of technology for 
renewables, which may lead to different levels of efficiency. Table 1 includes a detailed list of these 
factors. 
Considering the aspects mentioned above, we propose a new methodology for spatial analysis in order 
to find the best locations for renewable farms. The objective is to create maps classifying efficient 
locations in terms of energy return. The methodology consists of a spatial multicriteria analysis 
combining variables affecting cost-efficiency on renewables distribution. Multicriteria analysis is a 
territorial planning tool to decide among various choice-possibilities with environmental and socio-
economic impacts [29, 30]. The importance relies on the combination of variables of different nature, 
which can be measured in diverse units. Since many conflicting variables can be used, the variables can 
be weighted differently in order to determine their importance. Therefore, the result is a conditional 
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evaluation depending on the stated priorities. One important feature of these analyses is their ability to 
explicitly take into account political priorities, which makes them suitable to decision making [29]. 
Moreover, the spatial multicriteria analysis is useful to policy makers since it reduces the results to few 
best options [29]. It also makes transparent the process of selecting a location for renewables, since the 
variables are clearly stated and the results are based on plural criteria. On the other hand, it also can be 
used to examine how previous policies influenced on renewables spatial distribution. 
Table 1. Detailed variables included in the multicriteria analysis to enhance efficiency of renewable farms by location. 
Natural variables  Infrastructure connections  and 
accessibility  
Socioeconomic 
Topography (slopes < 20%). 
Primary source (solar radiation, wind
speed, ocean speed). 
Time availability of the source (daily and
seasonal). 
Climate effects (e.g. extreme weather
events, accumulation of dust in solar
panels) 
Environmental impacts of construction
and running.  
Greenhouse gas emissions.  
The costs of farms initial installation 
and maintenance. 
Energy interconnection:  
 1. from farm to existing network.  
 2. from existing network to the final 
users.  
Lack of roads for initial farm 
construction. 
The presence of buildings. 
EROI  
Policies: subsidies, taxes and 
bureaucracy. 
Conflicts with other activities 
(agriculture or protected areas). 
The ownership of land (private or 
public). 
Technology: efficiency, lifetime and 
costs (initial and maintenance).  
Population density and energy 
demand 
 
The methodology is novel since includes the EROI as an input (1), besides other spatial variables, i.e. 
containing geographic coordinates (table 1). The methodology is useful to retrieve the optimal position 
for greater energy production at minimum cost. Such a spatialized study requires Geographic Information 
Systems (GIS) to provide the user with tools to evaluate problems involving both multiple criteria and 
conflicting policy objectives [30]. Moreover, GIS allows computerizing operations using variables not 
easy to consider as EROI is currently calculated. These variables are spatial relations like distances and 
frictions; and topological relations like connectivity. The GIS tools facilitate the identification of eligible 
areas by combining large numbers of geospatial variables and performing automatic and reproducible 
processes.  
Because of the diversity of calculations of EROI in literature, the present study proposes to use 
Raugei’s et al. expression which is designed to be applied to renewable systems [31] (1). Although some 
authors suggest the inclusion of indirect variables in the EROI formula [24]; the expression proposed 
considers only the direct variables involved in renewables production chain. In that sense, our 
methodology incorporates the remaining variables in the multicriteria analysis, in order to simplify the 
EROI calculation and make more transparent the whole analysis. In brief, the proposal is a simplified 
EROI formula included as a single variable in a spatial multicriteria analysis. 
EPPEED
EOUTEROI
+
=
  (1) 
Where EOUT is the net electricity output, EED is the energy for the supply chain of the feed stock, i.e. 
extraction and delivery, which might be renewable or non-renewable. EPP is the energy for the 
construction and end-of-life of the power plant, which might also be renewable or non-renewable. 
It is important to note that such a multicriteria analysis can be mathematically formalized and 
calculated in the same way along the territory in a reproducible way. This means that, using our concrete 
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methodology, continuous maps that highlight the best productive zones for renewable energies are 
obtained. However, each case study should identify and weigh specific variables that are critical for the 
renewables assessment. Since every region has its own characteristics, the geospatial analysis prioritizes 
different variables. The current renewable assessment model highlights the most efficient zones based on 
numerous criteria. 
A comparative analysis of the efficiency to obtain different sources can be also conducted in a 
quantitative and objective way by applying the multicriteria analysis with EROI to various energy 
sources. In brief, such a study can be a useful tool for decision makers when designing energy policies 
and programming energy funds; since it is a demonstration of which locations are more convenient in 
terms of costs and efficiency in obtaining and distributing renewables.  
5. Conclusions 
The current paper makes a state of the art on renewables and relevant policies. New renewables are the 
most rapidly growing energy sources worldwide. The US has the higher percentage of renewables 
production, followed by Germany, China and Spain. China’s growth is remarkably since the 
promulgation of Law of Renewable Energy in 2005, which demonstrates that China’s renewables 
evolution is closely related to the enactment of its policies. Although China has made significant progress 
in the production of renewables; important challenges are foreseen and advices are given, such as the 
coordination among actors involved in energy governance and the investment on research and energy 
efficiency.  
Recently, policies are increasingly focusing on energy efficiency, since energy independence is a 
future key factor to guarantee energy supply. In that sense, renewables and territorial planning are crucial. 
When planning energy efficiency in the supply chain, natural, infrastructural and socioeconomic 
constraints have to be considered. Therefore, further efforts will be necessary in the coming years to 
determine the efficient areas in terms of cost of production and energy returned on investment. While 
policies can play an important role in renewables location; policy makers should use multicriteria analysis 
to objectively decide which projects subsidize based on energy efficiency. The methodology presented 
will help decision makers on that mater since it considers criteria of different nature in a transparent and 
reproducible way. The novelty relies on the combination of geospatial variables and energy returned in 
order to design the most efficient energy plan and to assess policy making. 
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